The Phase Change Material (PCM) stores thermal energy in form of latent heat during phase change process. This is one of the way to store available energy to use later for application during off-sunshine hours. This paper reviewed the recent investigation in the area of PCM as Thermal Energy Storage (TES) and a way forward. This review summarises the previous research works based on the type of PCMs and method of work. A radar map, mind map, comparison charts, etc., are developed for energy storage technologies and different PCMs. The geometry of PCM container of TES is first introduced and followed by the types of PCM used for TES. The most of the recent work such as paraffin, fatty acids, hydrates and metallic as PCM for TES are discussed. In the subsequent part of the paper, the recent developments of eutectic mixture of PCMs and metallic PCMs for TES are also reviewed as way forward reducing the Global Warming Potential building a holistic picture.
Introduction
The development and growth of renewable electricity is increasing and projected to increase in the future. Solar energy is an important source of renewable energy. Recently, the solar energy is utilised to generate electric power as well as heat in large scale. The main drawback of solar energy is an intermittent energy source and hence challenges associated with it will become more problematic. Therefore, there is a need to store energy during the sunshine hour and supply this stored energy during the night or during cloudy weather. Beside this it also has potential reducing the global warming which is not taken into account due to present lower level of intervention. By storing the energy produced and delivering it on demand, these clean technologies can continue to power our grid even when the sun has set and the air is still levelling out jumps in output to create a continuous, reliable stream of power throughout the day. The social impact of large-scale integration of energy storage with renewable energy could result in the creation of green energy jobs and less pollution. Energy storage integrated with local renewable energy source could be an attractive alternative in places depending on diesel for power generation.
There are main four Energy Storage (ES) technologies reported in the literature as mechanical ES, chemical ES, thermal ES and electromagnetic ES. Each ES system has its own advantages and disadvantages. They are suitable for the specific form of energy. Dincer and Rosen (2011) discussed various types of ES in detail. The radar graph of various ES technologies is prepared as shown in Figure 1 . The ES systems have a large potential to increase the effectiveness of energy conversion equipment which is used in the energy system. The sustainable development must fulfil the three basic requirements as social, economic, and environmental developments (Lior, 2010) . In this aspect, Thermal Energy Storage (TES) is one of the prospective and promising ES systems for effective energy utilisation.
TES is classified as sensible and latent heat storage (Sharma et al., 2009 ). The material which changes phase while storing large energy is called Phase Change Material (PCM) . PCM as ES is gaining a greater attention due to advantages of high storage density and nearly constant thermal energy (Al-Abidi et al., 2012) . Normally, PCM as ES is utilised as heat storage medium of solar energy system, as TES for offpeak demand in power generation unit, and building applications (Farid et al., 2004) .
The present work provides a way forward through the published studies focusing mainly the PCMs as TES. The review work has been arranged within the main area of work as TES, PCM & its classification, the geometry of PCM container and their applications. Heat transfer enhancement techniques are also included in the paper. In this paper, ES/TES/PCMs are categorised in different class with help of schematics, block diagrams, figures and it makes selection easy. It describes the TES in larger perspective as device correlating physics and geology with global warming potential opening up a new possibility for intervention. It gives the array of idea which is tried and new one which can be used. It is different than other review as it brings in not only technical intervention at one place but also build the time scale as when it has begun to occur. PCMs stores heat as latent heat for further use. The PCM absorbs latent heat at constant temperature during melting and as soon as melting process complete it absorbs sensible heat during which its temperature increases. Commonly, the PCM-based ES unit consists of PCM tank and Heat Transfer Fluid (HTF). The HTF flows through the tube which surrounded by PCM as shown in Figure 2 . During charging/melting process, PCM absorbs heat from hot HTF while during discharging/solidification, the cold HTF absorbs heat from PCM. The heat released by HTF during charging process is stored in PCM as latent heat. Owing to latent heat property of PCM, it behaves as a thermal switch and it is the most favourable property of PCM to use as TES (build some other analogy as of spring to store energy and release when needed or capacitor or tectonic fault of earth releasing energy during earth quake). During melting process, the PCM (storage material) continues the steady temperature for a while to be melted fully. This melting or phase change process enables the absorption of a large amount of heat without increasing the temperature of the storage system.
A PCM as energy storage system can be easily incorporated into existing thermal management system since the latent heat property of the PCM is a natural process. Also, it does not need any other energy input or additional complex mechanical system to operate energy storage system except heat from the system. These PCMs with the suitable latent heat property can be used space cooling, for space heating, green house heating, solar cooking, power generation, waste heat recovery system and latent heat storage exchanger . The PCM as TES may contribute in a different field for energy conservation (Anisur et al., 2013) . Regin et al. (2008) reported the applications of TES as: TES of solar energy; passive storage in green building/ architecture; use of off-peak rates and reduction of installed power in case of cooling; use of off-peak rates and adapting unloading curves in case of heating and sanitary hot water; thermal protection of food during transportation and preservation; thermal protection of electronic devices (integrated into the appliance); medical applications such as transport of blood, operating tables, hot and cold therapies; cooling of engines; thermal comfort in vehicles; and solar power plants. Kumaresh et al. (2013) studied the cooling mobile phone with use of PCM and heat pipe. Gupta et al. (2013) analysed solar dryer integrated with PCM storage. Agyenim et al. (2010b) suggested that once the PCM has been chosen primarily based on the temperature range of application. Consequently most important factors to consider are the geometry of the PCM container and thermal parameters required for a given amount of PCM. In order to have high round-trip energy storage efficiency, there must be effective heat exchanged between PCM and HTF (Xu et al., 2015) . Therefore, PCM storage container is typically selected such that either larger heat transfer surface area or higher convective heat transfer coefficient between PCM and HTF. Figure 3 shows different PCM containers and its configuration. Figure 3 (a) and (b) shows the cylindrical geometry is called shell and tube configuration. In the first case (Figure 3 (a) ), the PCM filled in the shell and the HTF flows through an inner single tube (Horbaniuc et al., 1999) . In the second case (Figure 3 (b) ), the PCM filled in the tube and the HTF flows through shell (Agyenim et al., 2009 ). The third model is a rectangular plate PCM container (Figure 3 (c) ), in which HTF flows around (Zivkovic and Fujii, 2001) . Previously published papers related to TES reveals that two geometries (rectangular and cylindrical containers) are commonly employed as PCM containers. The shell and tube system is the most intensely studied/analysed PCM-based energy storage unit because most engineering systems employ cylindrical pipes and also heat loss from the shell and tube system is minimal.
The cylindrical container (shell and tube type) is classified based on the flow direction of the HTF during charging and discharging of the PCM energy as parallel HTF flow and counter HTF flow as shown in Figure 4 . In the parallel flow type, hot and cold fluids are introduced into the tube from the same end while in the case of counter flow, hot and cold fluids are introduced from the opposite ends of the heat transfer tube. Gong and Mujumdar (1997) investigated that energy charge/discharge rate in case of parallel HTF flow is increased by 5% more than counter HTF flow. This was due to higher temperature difference at the fluid inlet if hot and cold fluids enter from the same end (parallel flow). Higher temperature difference creates higher penetration depth of the solid-liquid phase change interface during the charge/ discharge. 
PCMs investigated
The PCMs are categorised by melting temperature range. The classification of PCMs is represented with the classification tree as shown in Figure 5 (Sharma et al., 2009 ). However, all PCMs do not satisfy the basic requirements of energy storage system because some of the PCMs having favourable thermal properties but poor chemical properties or vice versa. Sharma et al. (2009) and Mehling and Cabeza (2007) suggested that PCM become the good candidate for the energy storage if they satisfy the following conditions:
i
The melting point of the PCMs must be match with working temperature of the device (application condition),
ii The material used as PCM should have enough phase change latent heat to absorb a large amount of thermal energy,
iii The coefficient of thermal expansion of PCM should be relatively small to ensure the system work safely, iv The PCM should have excellent reversibility of phase transition, v The PCM should be non-toxic, non-corrosive and produce no chemical reaction to the container and devices,
vi The PCM raw material should be easily available at economical rate.
The commonly used PCMs in solar energy storage are fatty acids, paraffin, and hydrates. Now a day, compound or eutectic PCMs are more attractive due to their improved thermal properties compared to pure PCMs. However, the number of studies/analysis on the latent heat storage by eutectic PCM is limited in the literature. Some of the researchers started their work on eutectic fatty acids and eutectic hydrates (Sari, 2005; He et al., 2013; Cai et al., 2013a; Fauzi et al., 2013; Wang et al., 2013) . Now a day, some researchers are also working on metal/its alloys/its eutectics as TES (Wang et al., 2015; Ge et al., 2013; Risueno et al., 2015; Blanco-Rodriguez et al., 2014) . 
Paraffin wax
Paraffin wax as a PCM is an attractive option for heat storage applications. It has high latent heat storage capacities over a narrow temperature range. Ukrainczyk et al. (2010) reported the latent heat capacity about 184-266 kJ kg -1 and thermal conductivity about 0.15-0.36 W-m -1 K -1 for melting temperature range 27-68°C of various grade paraffin wax. Paraffin wax is ecologically harmless, non-toxic and cheap.
Trp (2005) carried out experimental and numerical analysis for shell-and-tube type energy storage unit for charging and discharging. She found that the melting of PCM occurs non-isothermally but within the melting zone and solidification occurs isothermally. Khalifa et al. (2013) experimentally analysed solar collector with a back container of PCM as energy storage. They carried out outdoor experiments to demonstrate the potential of the storage solar system for water heating. System cooled down during off & low sunshine and the liquid PCM transferred heat to the circulating water during PCM solidification. The process took place at around hour 14:30 in a clear January day, around hour 16:00 in a clear February day and around hour 17:00 in a semicloudy day in March. Kurnia et al. (2013) analysed numerically to investigate and enhance the heat transfer performance for U-tube, U-tube with in-line fins, U-tube with staggered fins and festoon design of PCM. They found that Festoon channel design provides comparatively higher heat transfer rate for both charging and discharging stages. Sakhrieh et al. (2014) used paraffin wax field encapsulated spheres with a conventional storage tank to analyse the energy storage and effects of PCM on storage capacity. They introduced 150 encapsulated paraffin wax balls into the water storage tank and found that energy absorbed by water storage tank is increased about 20%. Sphericalshaped containers are more favourable than cylindrical ones because for the same volume, spherical shapes have larger surface area. Goia et al. (2014) developed prototype of paraffin wax double glazing unit for testing and performance of test window compared with that of conventional window. They found that the energy gain is lowered by more than 50% with help of paraffin glazing on window during the summer. Chougule and Sahu (2015) carried out experimental work to obtain the temperature distributions in PCM during solidification and melting process for application in electronic cooling. An experiments were carried out for both cooling modules of the heat pipe and heat pipe with paraffin wax as PCM. They concluded that the cooling module with a heat pipe and paraffin as ES medium reduces fan power consumption up to 66% compared to the cooling module that utilities only a heat pipe (water as heat storage medium).
The main limitation of paraffin as PCM is the low thermal conductivity. It causes a long time for the melting and solidification process. Also, it requires large surface area (Akgun et al., 2007) . This restricts to use paraffin wax as TES instead of utilising other good properties of paraffin wax. Therefore, there is a need to explore more other heat transfer techniques to increase the charging and discharging rates.
Heat transfer enhancement techniques
The main drawback of many potential PCM including paraffin is their low thermal conductivity. Resulting in poor heat transfer between the HTF and the PCM. Therefore, large efforts were made in recent years to improve the thermal conductivity of energy storage material. Heat transfer enhancement techniques mentioned in the literatures are Several researchers have studied the heat transfer enhancement techniques with PCMs. Hamada and Fukai (2005) added carbon fibre brushes in PCM to improve the heat transfer rates and they concluded that improved storage tank contributed to reduce the cost of the tanks and saving space. Reyes et al. (2017) carried out experimental and theoretical study of aluminium foils and paraffin wax mixtures as TES material. They concluded that the aluminium foils doubled the thermal conductivity (0.63 W-m -1 K -1 ) without significant statistical influence of the metallic configuration inside this material. Agyenim et al. (2010a) conducted experiment for multi-tube system and concluded that the onset of natural convection through the formation of multiple convective cells in the multi-tube system significantly altered the shape of the solid liquid interface fluid flow and indicates the requirement for an in-depth study of multi-tube arrangements. Agyenim et al. (2011) also conducted the experimental work for cylindrical storage system with longitudinally finned and Erythritol as PCM. They concluded that Erythritol meets the charge and discharge temperature requirements of a PCM suitable to provide heat to LiBr/H 2 O solar absorption cooling system. Fang and Chen (2007) developed theoretical model for the performance of a shell and tube latent TES unit using multiple PCMs. They concluded that PCMs fractions and melting temperatures play an important role in the performance of storage unit. The selection of multiple PCMs is very important for the performance improvement of the storage unit. Hadiya and Shukla (2016) conducted experimental work with paraffin-based four pass storage unit and concluded that multi-pass tube improves the heat transfer and space utilisation of storage unit. Khalifa et al. (2015) studied the benefits of using suspended finned heat pipes latent heat TES system. They concluded that finned heat pipes technique improves the functionality and reliability of storage unit. Sharifi et al. (2014) experimentally investigated the melting and solidification of a PCM using a novel heat pipe and metal foil. They concluded that melting and solidification rates are increased by about 200% and 600% relative to configurations consisting of heat pipe without foil. Fan and Khodadadi (2011) summarised the recent progress in enhancement of PCM thermal conductivity.
The focused of review studies was relate positioning of fixed and high conductivity inserts/structures. Ibrahim et al. (2017) critically reviewed the heat transfer enhancement techniques and recommended use of fins, heat pipe, etc., together with addition of high conductivity materials. Since, combined method increases heat transfer as well as thermal conductivity of PCM. Figure 6 shows the drawing of some of the heat transfer enhancement techniques. 
M u l t i -p a s s t u b e M u l t i P C M s

Fatty acids
Fatty acids have good characteristics of PCM with long-term stability. They have many similar characteristics of organic paraffin, specifically low thermal conductivity and significant expansion on melting. However, they typically have lower latent heats than paraffin in similar melting ranges and higher costs. Some fatty acids are gentle corrosive with critical container design. The blends of fatty acid with paraffin may be utilised to change the melting temperatures. However, it provides shifted melting temperatures with the cost of significant latent heat reduction (Jankowski and McCluskey, 2014) . Karaipekli and Sari (2007) Yuan et al. (2014) reviewed fatty acids as PCMs. The study found that fatty acids have good thermal reliability but poor thermal conductivity as in the case of paraffin wax. The melting temperature and latent heat of commonly used fatty acids Karaipekli and Sari, 2007; Abhat, 1983; Lane, 1980; Yuan et al., 2014) are given in form of comparison chart as shown in Figure 7 . 
Salt hydrates
Salt hydrates have good characteristics of PCM such as higher latent heats, densities, and thermal conductivities (Zalba et al., 2003; Sharma and Sagara, 2005) than paraffin and fatty acids. They are also relatively economical than other PCMs. Hence, they are one of the more commonly studied classes of PCMs. Rathod and Banerjee (2013) reviewed the thermal stability of various salt hydrates. Boy et al. (1987) proposed an integrated collector storage systems based on a salt hydrate PCMs as an application for providing hot water instantaneously. The melting temperature and latent heat of commonly used salt hydrates (Cabeza et al., 2011; Sharma et al., 2009; Ge et al., 2013) are given in form of comparison chart as shown in Figure 8 .
However, most of the salt hydrated posses super cooling, phase separation problems (Farid et al., 2004) and incongruently melting (Sharma et al., 2009 ). Super-cooling commonly occurs when the temperature of the material falls below the melting point while the crystallised process is still delayed. This will affect the effectiveness of the energy release during solidification of PCM. Sub-cooling can be reduced by using appropriate nucleating agents or by some mechanical vibration to start crystal growth in the storage medium (Sharma et al., 2009; Verma and Singal, 2008) . The phase segregation is occurred due to the formation of a saturated aqueous phase and a solid phase. In this case, the anhydrous formed which caused a separation of salt and saturated aqueous. This occurs due to a result of density differences between the various phases (Li et al., 2011) . Incongruently melting of salt hydrates is an irreversible meltingsolidification process. This occurs due to higher density salt settled down at the bottom of the container and is unavailable for recombination with water during the reverse process of solidification. The incongruent melting is minimised using methods like: encapsulating the PCM to reduce separation (Lane and Rossow, 1976) , mechanical stirring (Lane et al., 1978) , adding to the thickening agents which prevents setting of the solid salts by holding it in suspension (Telkes, 1975) , modifying the chemical composition of the system and making incongruent material congruent (Charlsson et al., 1979; Alexiades and Solomon, 1992) and by use of an excess of water. Hence, melted crystals do not produce supersaturated solution (Biswas, 1977) .
The stability of salt hydrates as PCM is studied by many researchers, i.e. Marks (1980) , Kimura and Kai (1985) , Tyagi and Buddhi (2008); and Porosini (1988) studied Borax (Na 2 B 4 O 7 -10H 2 O); Sodium acetate tri-hydrate (CH 3 CO 2 Na-3H 2 O); Calcium chloride hexa-hydrate (cacl 2 -6H 2 O); and Glauber's salt (Na 2 SO 4 -10H 2 O) as PCM, respectively. The researchers had given less attention to salt hydrates due to the problem of phase separation and super-cooling even though it has higher latent heats, densities, and thermal conductivities than paraffin and fatty acids and also relatively economical. MgCl2.6H2O
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Compound or eutectic PCMs
A eutectic PCM is an engineered material as combination of two or more compounds of either organic, inorganic or both. There are a number of eutectics that may be produced to almost any desired melting point for TES systems. A eutectic is a minimum melting composition of two or more components. During crystallisation, each component of eutectic melts and freezes identically forming a mixture of the component crystals (Tyagi and Buddhi, 2007) and they act as a single component. Eutectics are freeze to close mixture of crystals and melt simultaneously without separation (Sharma et al., 2009) . As the use of eutectic materials is very new to TES application, only limited data is available on thermo-physical properties. Jotshi et al. (1998) experimentally measured thermo-physical properties of ammonium alum and ammonium nitrate eutectic and found that eutectic has good thermo-physical properties (enthalpy 287 kJ/kg in the temperature range of 25-67°C) for energy storage in solar space heating applications. Baran and Sari (2003) experimentally investigated the performance and characteristics of a eutectic mixture of PA (Palmitic Acid) and SA (Stearic Acid) as PCM during the melting and solidification processes. They found that eutectic mixture of PA-SA (mixture ratio of 64.2:35.8) melts at 52.3°C and has a latent heat of 181.7 kJ kg -1 , which are suitable properties of PCM for passive solar space heating and domestic water heating applications. Sari (2003 Sari ( , 2005 investigated the performance and reliability of eutectic PCMs such as LA (Lauric Acid)-SA, MA (Myristic Acid)-PA and PA-SA as PCM for heat storage material. Eutectic mixture of MA-PA (mixture ratio of 58), melts at 42.6°C and has a latent heat of 169.7 kJ/kg measured with help of DSC (Data Scanning Calorimetry). Experimental result of them indicates that properties of study material are suitable for PCM used for passive solar space and greenhouse heating systems under the climate conditions of some residential and agricultural local regions. Sari found that the studied acid eutectic PCMs have good thermal properties and reliability for a four-year energy storage period in terms of the change in their melting temperatures and latent heats of fusion. Huang et al. (2013) prepared and analysed performance of eutectic mixtures of TD (Tetradecanoyl)-CA (Caprilic Acid), TD-LA, and TD-MA as TES. Yang et al. (2014) experimentally analysed ternary eutectic mixture such as MA-PA-SA. They prepared 52.2:29.4:18.4 mixture ratio of MA-PA-SA. Then, they fabricated MA-PA-SA/EG (Expanded Graphite) composite PCM with an optimum mass ratio of MA-PA-SA: EG = 13:1 and analysed with different instruments. They concluded that the addition of EG in MA-PA-SA ternary eutectic mixture improves the thermal conductivity and performance of eutectic materials. Wang et al. (2012) experimentally investigated the short-and long-term thermal stabilities and reliability of the eutectic composition of LiNO 3 -NaNO 3 -KNO 3 ternary salt system. They found that the ternary salt system has excellent short-term thermal stability (20 h and 60 h) and reliability during thermal cycling and 8% weight loss during longterm thermal stability test. A major contributor to the weight loss is the dissociation of lithium nitrate to lithium oxides. Cai et al. (2013b) experimentally studied form stable PCMs with three fatty acid eutectics such as CA-LA, CA-PA, CA-SA. They concluded that this innovative type of form stable PCMs could be utilised for potential applications in building energy conservation.
Most of the researchers except some of the worked on fatty acid and salt hydrates based eutectic PCMs. Inorganic salt hydrates are generally having a tendency to supercooling and incongruent melting. That means the melts is an oversaturated solution and phase separation occurs (Efimova et al., 2014) . The main drawback of these compounds is the cost, it is about two or three times more expensive than organic or inorganic (Rathod and Banerjee, 2013) .
Metallic
Salts and metallic alloys have a high heat of fusion, a large range of working temperatures, low vapour pressure, good thermal and physical properties, low corrosivity and toxicity. During solid-liquid transformation, they produce large enthalpy changes without large density changes; hence they are good candidates for PCMs. Metallic as PCM requires small size ES equipment compared to other PCMs since it posses large energy density. Metallic PCMs may be categorised as low, medium and high melting point metals or alloys. Low melting point metallic PCMs may be utilised as ES for solar water heating while high melting point metallic PCMs for that of concentrator solar power plant. Ge et al. (2013) summarised various low melting point metals or alloys with respect their application, merits, and properties. They concluded that metals and alloys with a melting point between at 0°C and 100°C are displaying increasing potentials in various thermal and energy management fields. Kenisarin (2010) reviewed and focused on high temperatures melting point metallic PCMs, listed a number of metallic PCMs. Jankowski and McCluskey (2014) reviewed the metallic as PCM for vehicle component thermal buffering. Wang et al. (2015) studied four binary (Al-Si materials with different Al and Si ratios) and two ternary materials (with Fe or Ni added) to study as a medium to high-temperature PCMs. Their results show that these Al-and Si-based materials are good candidates for thermal ES applications. In their studied, they found that the thermal conductivity of the four studied Al-Si materials is decreased with increasing in Si concentration. Risueno et al. (2015) studied and analysed thermal performance of two ternary high thermal conductive eutectic alloys (Mg 70 Zn 24.9 Al 5.1 and Zn 85.8 Al 8.2 Mg 6 ) for thermal stability. They concluded that these materials have a high potential for TES application. Blanco-Rodriguez et al. (2014) investigated eutectic metal alloys (magnesium based) as PCM for CSP (Concentrated Solar Plant). They concluded that Mg-51%Zn alloy not only as a candidate for PCM for direct steam generation in CSP but for high pressure and high energy steam processes as well.
The mind map for common studied PCMs is shown in Figure 9 . 
Conclusion
The ES options like flywheels, batteries, compressed air, pumped storage, hydroelectric, and heat pumps are limited by short duration time of storage. The TES is one of the prospective and promising ES systems for effective energy utilisation. TES, specifically, the PCM, has been a main topic in research for the last 20 years, but it was limited to laboratory only and limited to material aspect. Consequently, PCMs taken place as TES medium. Several researchers have carried out study/investigation into a wide range of PCMs. However, PCMs are not placed in ES field except few case studies. The commonly used PCMs in solar heat storage are fatty acids, paraffin, and hydrates. Paraffin wax as a PCM is an appealing material for most of the investigators due to its favourable chemical and physical properties. However, it has low thermal conductivity which causes a long time for the charging and discharging processes. Some of the researchers have tried to improve the thermal conductivity of paraffin wax using heat transfer techniques such as metal matrix, finned tubes, multi-tubes, shell and tube heat exchanger, high conductivity particles with PCM, multiple PCMs, multi-pass tube, and combined of heat pipe & fins/metal foils, etc. It is found out that thinner fins/metal metric in the PCM is more helpful to enhance melting process; however, more precise and large scale experimental needed to optimise the cost and thermal performance. Combined method of heat transfer enhancement is one of the promising approaches to improve the performance of PCM storage unit.
The fatty acid has good long-term stability but they typically have lower latent heats than paraffin in similar melting ranges and higher costs. However, their eutectics are promising in case of low temperature applications. Salt hydrates have higher latent heats, densities, and thermal conductivities than paraffin and fatty acids and are also relatively economical. However, researchers had given less attention to it due to the problem of phase separation and super-cooling. Thermal conductivity and performance of acid-based eutectic materials may be improved by the addition of expanded graphite. Most of the researchers except some of them worked on fatty acid and salt hydrates-based eutectic PCMs. Inorganic salt hydrates have a tendency to super-cooling and incongruent melting. Metal/its alloys/its eutectic have a high thermal conductivity which offers fast charging and discharging process and can operate at high temperatures and hence they have good potential to use as TES with CSP.
It is concluded that there is a need to find the inexpensive and novel material for the TES. Also most of works avalable in literature are limited to laboratory and hence largescale experimental work needed to realise the actual performance of PCM and TES system. This reviewed work in form of schematics, block diagrams, charts and mind map may provide a guideline for further work. 
